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FIG. 7
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DIAGRAM FOR OPERATIONAL DESCRIPTION OF
SWEEPING OUT OF SIGNAL CHARGE
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FIG. 9A

(A) NORMAL IMAGE SENSING

O
/\

(B) HIGHT-SPEED IMAGE SENSING
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OO

DIAGRAM OF SENSED IMAGES INVOLVING APPLICATION
EXAMPLE OF THE PRESENT INVENTION

FIG. 9B
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FIG. 13

(CONVENTIONAL DEVICE)
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STRUCTURAL DIAGRAM FOR ILLUSTRATING
ONE CONVENTIONAL EXAMPLE
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STRUCTURAL DIAGRAM FOR ILLUSTRATING
ANOTHER CONVENTIONAL EXAMPLE
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SOLID-STATE IMAGE SENSING DEVICE,
METHOD FOR DRIVING THEREOF AND
CAMERA EMPLOYING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates generally to the field of
solid-state 1mage sensing devices, and more particularly, the
present 1nvention relates to an 1mproved solid-state 1mage
sensing device and method of processing 1mage information.

2. Description of the Related Art

Some solid-state 1mage sensing devices, such as, for
example CCD area sensors, have a structure that includes a
drain section 103 for discharging signal charge and a sweep-
out electrode 104 as shown 1n FIG. 13. These structures are
provided on the side opposite an 1mage section 101 of a
horizontal transfer register 102. Application of a sweep out
clock ¢HOG to the sweep-out electrode 104 for a given
period, sweeps out the signal charges in the horizontal
transfer register 102 to the dramn section 103.

On the other hand, some CCD area sensors generally have
a horizontal transter register 102 with a wide channel width
for increasing the capacity for involved charges because the
pitch 1n the horizontal direction of the horizontal transfer
register 102 1s inevitably determined by the number of pixels
and the optical system. In particular, the charge capacity of
the horizontal transfer register 102 1s proportional to the arca
per 1 bit under the condition of constant amplitude of the
transfer clock, and therefore the charge capacity can be
increased by increasing the length and width for one bat.
However, the length 1s limited by the number of pixels of the
image section 101 and only the channel width can therefore
be 1ncreased.

In a CCD area sensor provided with a horizontal transfer
register 102 with a wide channel width, 1f the structure for
selectively sweeping out the signal charge in the horizontal
transter register 102 as described herein above 1s applied, 1t
has been difficult to completely sweep out the signal charge
within a predetermined time because the transfer electric
field from the horizontal transfer register 102 to the drain
section 103 1s weak, particularly the transfer electric field at
the middle portion 1n the width of the channel 1s weak when
the signal charge 1n the horizontal transfer register 102 1is
intended to be swept out to the drain section 103 through the
sweep-out electrode 104. In order to sweep out the signal
charge 1n the horizontal transfer register 102, 1t takes a long
fime for sweeping out charges, and high speed sweeping out
has been difficult to achieve.

This 1s true not only for a CCD area sensor having one
horizontal transter register 102 but also for a CCD area
sensor having a structure which includes two or more
horizontal transfer registers such as registers 102a and 1025
shown 1n FIG. 14. This structure 1s provided with a transfer
clectrode 1035 between both registers 1024 and 1025 1n order
to independently horizontally transfer and output the signal
charge of two vertical lines for one horizontal period. Adrain
section 103 and sweep-out electrode 104 are provided
adjacent to the outside horizontal transfer register 1025 1n
order to selectively sweep out the signal charge in the
horizontal transfer registers 102a and 102b.

As described herein above, the CCD area sensor having
two horizontal transfer registers 102a and 1025 can inde-
pendently read the signal charge of all pixels of the 1mage
section (so-called all pixel reading) by independently read-
ing signal charge of two vertical lines for one horizontal
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period. Therefore, the vertical resolution 1s 1mproved in
comparison with a device that reads signal charges for two
vertical lines which are mixed. For a CCD area sensor of this
sort, 1t 1s inevitable that the channel width of each 1s widened

in order to increase the charge capacity of the horizontal
transier registers 102a and 102b. Thus the residual transfer
of signal charge due to the decrease of the transfer electric
field 1s a problem, as 1s true for a CCD area sensor having
one horizontal transfer register 102.

This 1nvention 1s accomplished mm view of the above-
mentioned problem. One object of the present invention to
provide a solid-state 1mage sensing device capable of com-
pletely sweeping out the signal charge in a horizontal
transier register and for sweeping out the signal charge to a
drain section. Another object of the present invention 1s to
provide a device which is capable of high speed sweeping
out operation and a method for driving thercof. Yet another
object of the present invention 1s to provide a device and
method of processing CCD video information wherein only
a portion of the complete 1image 1s initially processed at a
higcher speed and the remaining portion of the i1mage 1is
stored and later processed or processed nitially at a slower
speed. Other objects and advantages of the present invention
will be apparent from the following summary and detailed
description of the mvention when viewed i light of the
drawings.

SUMMARY OF THE INVENTION

A solid-state 1mage sensing device 1n accordance with the
present 1nvention has a structure comprising an 1lmage
section having a plurality of light receivers for photoelec-
trically converting incident light to signal charge. A charge
transier section has a plurality of transfer channels disposed
in parallel with each other and a distribution electrode for
distributing the signal charge to each of the plurality of
transter channels. The device has a multi-channel structure
for transferring signal charge of a full line transferred from
the 1mage section. A charge discharging section 1s provided
adjacent to the side of the charge transfer section opposite to
the 1mage section for selectively sweeping out signal charge
in the charge transfer section.

In the method for driving a solid-state 1mage sensing
device 1 accordance with the present invention, signal
charge 1s transferred from the 1mage section to the charge
transier section one line by one line, and the signal charge
of one line 1s distributed to a plurality of transfer channels
in the charge transfer section. Then the signal charge of one
line 1s transterred 1n conjunction with the plurality of
transfer channels. Alternatively, the signal charge i1n the
charge transfer section 1s swept out to the charge discharging
section for a given period.

In the solid-state 1mage sensing device having the struc-
ture described herein above and the method for driving
thereof, the channel width of the respective channels 1s kept
narrow even though the channel width 1s wide as the whole
charge transfer section. This 1s regardless of the wide
prescription of the channel width for the purpose of 1ncreas-
ing the charge transfer capacity of the charge transfer section
by providing a plurality of transfer channels to the charge
transfer section. Therefore, the transfer electric field does
not decrease when the signal charge 1s swept out from the
charge transfer section to the charge discharging section, and
a suilicient transfer electric field 1s obtained. Thus, the signal
charge 1n the charge transfer section can be swept out to the
charge discharging section completely and quickly.

Additionally, the present invention 1s directed to provid-
ing a solid state 1mage sensing device which provides video
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information which 1s acceptable for use both as a digital
video camera and for providing still images. The present
invention satisfies these demands. The present mvention
achieves high speed 1maging of a selected portion of an
image even without changing the driving speed of the CCD.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a structural diagram which illustrates one
embodiment of the present invention;

FIG. 2 1s a plan pattern diagram of a selected portion of
a horizontal transfer section and charge discharging section;

FIG. 3 1s a timing chart illustrating operation of signal
charge transfer;.

FIG. 4 1s a diagram which 1llustrates operation of signal
charge distribution;

FIG. 5 1s a potential diagram during distribution operation
of the signal charge;

FIG. 6 15 a timing chart during sweep out operation of the
signal charge;

FIG. 7 1s a diagram for describing the sweep out operation
of the signal charge;

FIG. 8 1s a potential diagram during sweep out operation
of the signal charge;

FIG. 9 1s a set of pick-up 1image diagram involving the
application of the present invention; (A) is for normal
pick-up and (B) is for high speed pick-up;

FIGS. 10A-10D are exemplary image diagrams (No. 1)
for describing the driving operation of the application
example of the present invention;

FIGS. 11A-11D are exemplary image diagrams (No. 2)
for describing the driving operation of the application
example of the present invention;

FIG. 12 1s a structural diagram for illustrating another
embodiment of the present invention;

FIG. 13 1s a structural diagram for illustrating one con-
ventional example;

FIG. 14 1s a structural diagram for illustrating another
conventional example.

FIG. 15 1s a diagram which 1llustrates a camera embody-
ing the presently claimed invention.

FIG. 16 1s a diagram which 1llustrates a further application
of the present 1nvention.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Embodiments of the present invention will be described
hereinafter 1n detail with reference to the drawings. FIG. 1
shows a structural view for illustrating one embodiment of
the present mvention. In this embodiment, a CCD arca
sensor 1s provided with, for example, two horizontal transfer
registers for improvement of the vertical resolution.

In FIG. 1, a plurality of light receivers (pixels) 11
comprising, for example, photo-diodes are disposed in the
vertical and horizontal directions 1n matrix arrangement for
converting and storing incident light to signal charge having
charge quantity corresponding to the quantity of light.
Vertical transfer registers 12 are disposed for each vertical
line of receiving sections 11. The vertical transfer register 12
comprises a CCD and has, for example, a three layered
clectrode structure. It 1s driven by three-phase vertical
transter clocks ¢V1 to ¢V3. Signal charges read from each
receiving section 11 are transferred vertically successively
shifting pixels one by one within a portion of a horizontal
blanking period. This 1s the structure of the image section.
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In the figure, under the 1mage section 13, for example, two
horizontal transfer registers 14 and 15 are provided 1n
parallel. Between the two horizontal transfer registers 14 and
15, a transfer electrode 16 1s located for transferring the
signal charge from the horizontal transfer register 14 to the
horizontal transfer register 15. By applying transfer clock
¢VHI1 and UVH2 to the lower two steps (VHI1 and VH2) of
cach vertical transfer register 12 of the 1mage section 13,
signal charge of two vertical lines (two rows) 1s moved from
the 1mage section 13. Two horizontal transfer registers 14
and 15 comprise CCDs which are two-phase driven using
the horizontal transfer clocks UH1 and UH2. Signal charge
for two lines transferred from the 1mage section 13 1is
successively transferred in the horizontal direction for a
horizontal scanning period after a horizontal blanking period
sharing the signal charges of one line each.

The horizontal transfer register 14 comprises, for
example, two transfer channels 17 and 18 disposed in
parallel and a distribution electrode 19 provided between
these two transier channels 17 and 18 for distributing signal
charge to each channel. The device has a multi-channel
structure such that the transfer channels 17 and 18 are
merged at the output. The horizontal transfer register 14
transfers the signal charge of the first one line to the
horizontal transfer register 15 through the transfer electrode
16, and transtfers the signal charge of the following one line
to two transfer channels 17 and 18 through the distribution
clectrode 19. The two transfer channels 17 and 18 transfer
horizontally in shared relationship and mix pixels at the
merged output step one by one.

Similarly, the horizontal transfer register 15 comprises,
for example, two transfer channels 20 and 21 provided in
parallel and a distribution electrode 22 provided between
these two transier channels 20 and 21 for distributing signal
charge to each channel. It has a multi-channel structure
having the two transfer channels 20 and 21 merged at the
output. The horizontal transfer register 15 distributes signal
charge of one line transferred from the horizontal transfer
register 14 through the transfer electrode 16 to two transfer
channels 20 and 21 through the distribution electrode 22,
these two transfer channels 20 and 21 transfer horizontally
in sharing relationship and mix pixels at the merged output
step one by one.

On the end that 1s the destination from the horizontal
transfer registers 14 and 15, for example, charge detectors 23
and 24 having a floating diffusion amplifier (FDA) structure
arc provided. The charge detectors 23 and 24 detect the
signal charge transferred horizontally from the horizontal
transier registers 14 and 15 and convert it to a signal voltage.

These signal voltages are output through amplifiers 25 and
26 as CCD outputs OUT1 and OUT2.

On the opposite side of the outside horizontal transfer
register 15 from the 1mage section 13, a sweep-out electrode
27 and a drain section 28 are provided adjacent each other
along the transfer direction of the horizontal transfer register
15. The sweep-out electrode 27 and drain section 28 con-
stitute a charge discharging section 29. By applying a sweep
out clock pHOG to the sweep-out electrode 27, the signal
charge 1n the horizontal transfer register 15 and signal
charge 1n the horizontal transfer register 14 transferred
through the transfer electrode 16 and the horizontal transfer
register 15 are swept out to the drain section 28.

In FIG. 2, a plan pattern of a selected portion of the
horizontal transfer section and charge discharging section 29
1s shown. In the figure, the transfer electrode 16 and respec-
tive distribution electrodes 19 and 22 of the horizontal
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transfer registers 14 and 15 are respectively formed of the
first polysilicon layer (1poly). In the horizontal transfer
registers 14 and 15, a storage electrode 31 1s formed of the
second polysilicon layer (2Zpoly), and a transfer electrode 32
is formed of the third polysilicon layer (3poly). The storage
clectrode 31 and transfer electrode 32 which are disposed
adjacent each other 1n the transferring direction forms a pair.
A combination of two pairs corresponds to one pixel of the
image section 13, and constitutes one bit.

In the horizontal transfer section having such structure,
the storage electrode 27 and transfer electrode 28 which
form a pair 1s driven by application of the horizontal transfer
clock ¢H1 and ¢H2 1n every other bit. Respective distribu-
fion electrodes 19 and 22 of the horizontal transfer registers
14 and 15 are electrically connected to each other, and are
driven by the same distribution clock pHHG1. The transfer
clectrode 16 1s driven by the transfer clock pHHG2. Hali-
tone dot meshing zones 33 to 36 in FIG. 2 are channel stop
sections.

On the other hand, 1n the charge discharging section 29,
the sweep-out electrode 27 1s also formed of the first
polysilicon layer (1poly) like the transfer electrode 16 of the
horizontal transfer section and respective distribution elec-
trodes 19 and 22 of the horizontal transfer registers 14 and
15. The sweep-out electrode 27 1s driven by the sweep out
clock HOG. For the sweep out clock HOG, 1n the exem-
plary embodiment, a clock with the same phase as of the
transter clock pHHG?2 1s used. The storage electrode 27 and
transfer electrode 28 of the horizontal transfer section are

formed extending to the portion of the drain section 28 as 1s
obvious from FIG. 2.

Next, operation of CCD area sensor provided with two
horizontal transfer registers 14 and 15 having multi-channel
structure as described herein above 1s described. In this CCD
arca sensor, signal charge of two vertical lines 1s provided
from the 1mage section 13 to the horizontal transfer registers
14 and 15 for one horizontal period because two horizontal
transfer registers 14 and 15 are provided.

First, the operation for distributing signal charge to each
transfer channel of the horizontal transfer registers 14 and 15
having multi-channel structure 1s described based on a
timing chart shown 1 FIG. 3 referring to the operational
description diagram shown in FIG. 4 and the potential
diagram in FIG. 5. FIG. § 1s a potential diagram along the
line A—A' 1n FIG. 4.

As the transfer clock ¢ VH2 applied to the gate electrode
on the first line rises to a high level (abbreviated as “H” level
hereinafter) during the period from the time point T1 to the
time point T2, the potential under 1t 1s deepened. The signal
charge (@ marked in FIG. 4) on the first line of the image
section 13 1s transferred to the horizontal transfer register 14.
Synchronously with this transfer, every signal charge on
lines subsequent to the second line are shifted one line by
one line 1n order, and thus the signal charge on the second

line (o0 marked in FIG. 4) is transferred to the pixel train of
the first line.

When, the potential of the transfer channels 18 and 21 1s
shallow because both horizontal transfer clock ¢H2 and
distribution clock pHHG1 are at “H” level, the potential of
the respective transfer channels 17 and 20 of the horizontal
transfer registers 14 and 15 and the potential under the
respective distribution electrodes 19 and 22 1s therefore
deep. The horizontal transfer clock H1 1s 1n a low level
(abbreviated as “L” level hereinafter). Therefore, the signal
charge @ of the first line transferred from the 1mage section
13 to the horizontal transfer register 14 1s stored in the
transfer channel 17 under distribution electrode 19.
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6

Subsequently, after the transfer clock ¢VH2 changes to
“L” level, the horizontal transfer clock ¢H2 changes to “L”
level, and the potential of the transfer channel 17 becomes
shallow (time point T3). Then the signal charge in the
transfer channel 17 1s transferred under the distribution
clectrode 19. Thereby, all the signal charges @ transferred
from the pixel train on the first line of the 1image section 13
are stored under the distribution electrode 19. Subsequently,
when the transfer clock HHG2 becomes “H” level (time
point T4), the potential under the transfer electrode 16
becomes deep.

Afterward, the signal charge @ stored under the distribu-
tion electrode 19 1s transierred to the transfer channel 18
under the transfer electrode 16, because when the horizontal
transter clock ¢HI1 changes to “H” level, and subsequently
the distribution clock ¢HHG1 changes to “L” level (time
point T5), the potential of the transfer channel 18 becomes
deep and the potential under the distribution electrode 19
becomes shallow. Then, when the horizontal transfer clock
¢H1 changes to “L” level and the potential of the transfer
channel 18 becomes shallow (time point T6), the signal
charge in the transfer channel 18 is transferred under the
transfer electrode 16, and all the signal charges @ for a
complete one pixel 1s stored therein.

Next, when the horizontal transfer clock ¢H2 changes to
“H” level and the potential of the transfer channel 20 of the
horizontal transfer register 15 becomes deep (time point T7),
the signal charge @ stored under the transfer electrode 16
disperses from the under transfer electrode 16 to the transfer
channel 20. Then, when the transfer clock pHHG2 becomes
“L” level and the potential under the transfer electrode 16
becomes shallow (time point T8), all the signal charges
under the transfer electrode 16 are transferred to the transfer
channel 20, all the signal charges @ for full one pixel are
stored 1n the transfer channel 20.

Subsequently, when the distribution clock ¢HHGI1
changes to “H” level (time point T9), the potential under the
respective distribution electrodes 19 and 22 of the horizontal
transter registers 14 and 15 becomes deep. Thereby, the
signal charge @ stored in the transfer channel 20 of the
horizontal transfer register 15 disperses under the distribu-
tion electrode 22. Next, when the transfer clock ¢VH2
applied to the gate electrode of the first line changes to “H”
level and the potential under the gate electrode becomes
deep (time point 10), the signal charge of the first line of the
image section 13 (because this signal charge was the signal
charge of the second line, this signal charge 1s referred to as
signal charge of the second line o) 1s transferred to the
horizontal transfer register 14.

When both the horizontal transfer clock ¢H2 and distri-
bution clock ¢HHG1 are 1n “H” level, the potential of
respective transfer channels 17 and 20 of the horizontal
transfer registers 14 and 15 and the potential under the
respective distribution electrode 19 and 22 1s deep, and the
horizontal transfer clock ¢H1 1s in “L” level, the potential of
the transfer channels 18 and 21 is therefore shallow. Thus,
the signal charge o of the second line transferred from the
image section 13 to the horizontal transfer register 14 is
stored 1n the transfer channel 17 under the distribution
clectrode 19.

Next, after the transfer clock ¢ VH2 changes to “L” level
and the distribution clock gHH1 changes to the intermediate
level (referred to as “M” level hereinafter) (time pint T11),
the potential under the respective distribution electrodes 19
and 22 of the horizontal transfer registers 14 and 15 becomes
an mtermediate level. The signal charge which exceeds the
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storing capacity and overflows 1s returned to the transfer
channels 17 and 20. Subsequently, the horizontal transfer
clock ¢H1 changes to “H” level, and afterward the distri-
bution clock pHHGI1 changes to “L” level (time point T12),
and the signal charge remaining under the distribution

electrodes 19 and 22 1s transferred to the transfer channels
18 and 21.

Through the one series of operations described herein
above, the signal chargce @ o of two vertical full two lines
1s transferred from the 1mage section 13 to two horizontal
transfer registers 14 and 15. In the respective registers 14
and 15 the signal charge of each full one line 1s distributed
to the transfer channel 17 and transfer channel 18, and
transfer channel 20 and transfer channel 21 by the distribu-
tion electrodes 19 and 22. Because the horizontal transfer
register 14 of the image section 13 side has a multi-channel
structure, 1f the channel width of the whole horizontal
transter register 14 for the purpose of increasing the charge
capacity 1s large, then the width of the respective transfer
channels 17 and 18 1s still narrow and the transfer electric
field 1n the channel width direction 1s sufficient, and the
signal charge of a full one line 1s transferred from the
horizontal transfer register 14 to the horizontal transfer
register 15 completely and quickly.

The distributed signal charge 1s two-phase driven by the
horizontal transfer clocks ¢H1 and ¢H2 1n the horizontal
transfer registers 14 and 15, and horizontally transferred in
sharing with the transfer channels 17 and 18 and transfer
channels 20 and 21, and then mixed in a pixel unit at the
output step. The signal charge i1s then transferred to the
charge detectors 25 and 26, converted to a signal voltage
therein, and output as CCD outputs OUT1 and OUT2 for
two full lines through the amplifiers 25 and 26.

Next, operation for sweeping out the signal charge of two
full lines of the 1mage section 13 to the charge discharging
section 29 through the horizontal transfer register 14, trans-
fer electrode 16, and horizontal transfer register 15 1is
described based on the timing chart shown 1n FIG. 6. This
1s done with reference to the diagram for description of the
operation shown 1n FIG. 7 and the potential diagram shown
in FIG. 8. FIG. 8 1s the potential diagram along the line B—B'
in FIG. 7, namely the potential diagram from the transfer
channel 18 of the horizontal transfer register 14 to the drain
section 28.

The condition at the time point T21 1s the same as that of
the time point T9 that, 1n the above-mentioned distribution
operation of the signal charge. The signal chargce @ of the
first line of the 1mage section 13 1s transferred to the
horizontal transfer register 15 through the horizontal transfer
register 14 and transfer electrode 16, and stored in the
transfer channel 20 under the distribution electrode 22. That
1s, up to this point, the signal charce @ on the first one 1s
transferred to the horizontal transter register 15 through the
horizontal transfer register 14 and transfer electrode 16 1n
the same way as operated 1n the above-mentioned distribu-
fion operation. The signal charge of the second line 1is
transferred to the horizontal transfer register 14 and stored in
the transfer channel 17 under the distribution electrode 19.

Next, when the horizontal transfer clock H2 changes to
“L” level and the potential under the transfer channel 20
becomes shallow (time point 22), all the signal charge @ of
the first line 1s stored under the distribution electrode 19.

Subsequently, when the horizontal transfer clock ¢HI,
transter clock ¢HHG2, and sweep out clock ¢HOG all
change to “H” level and the potential of the transfer channels
18 and 21, the potential under the transfer electrode 16, and
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the potential under the sweep-out electrode 27 becomes deep
(time point T23). Then, the signal charge @ of the first line
stored under the distribution electrode 19 flows out to the
drain section 28 through the transfer channel 21 under the
sweep-out electrode 27. Then, the signal charge o of the
second line stored under the distribution electrode 19 flows
into the transfer channel 18 and under the transfer electrode

16.

Subsequently, when the distribution clock ¢HHGI1
changes to “L” level and the potential under the distribution
electrode 19 becomes shallow (time point T24), the signal
charge @ of the first line stored under the distribution
clectrode 22 1s completely swept out to the drain section 28,
and the signal charge of the second line stored under the
distribution electrode 19 1s completely transferred to the
transfer channel 18 and the transfer electrode 16. Then,
when the horizontal transter clock ¢H1 changes to “L” level
and the potential of the transfer channels 18 and 21 become
shallow (time point T25), the signal charge of the second
line 1s completely stored under the transfer electrode 16.

Next, when the horizontal transfer clock ¢H2 and distri-
bution clock ¢HHG1 change to “H” level and the potential
of the transfer channels 17 and 20 and the potential under the
distribution electrodes 19 and 22 becomes deep (time point
T26), the signal charge o of the second line stored under the
transier electrode 16 tlows into the transfer channel 20 of the
horizontal transfer register 15 under the distribution elec-

trode 22.

Then, when the transter clock gHHG2 and sweep out
clock pHOG change to “L” level and the potential under the
transfer electrode 16 becomes shallow (time point T27), the
signal charge of the second line stored under the transfer
clectrode 16 flows into the transfer channel 20 of the
horizontal transfer register 15 under the distribution elec-
trode 22. When the horizontal transfer clock ¢H2 changes to
“L” level and the potential of the transfer channels 17 and 20
become shallow (time point T28), all the signal charge o of
the second line 1s stored under the distribution electrode 22.
This condition 1s the same as that at the time point 122, and
after this point in time, the signal charge o of the second line
1s swept out to the drain section by repeating the same
operation as that after the time point T22.

By the above-mentioned series of operations, the signal
charge of each pixel of the 1image section 13 1s swept out 1n
a unit of a line to the drain through the horizontal transfer
register 14, transfer electrode 16, horizontal transfer register
15, and sweep-out electrode 27. Because the horizontal
register 14 employs a multi-channel structure as described
hereinbetfore, the signal charge for full one line can be
completely transterred from the horizontal transfer register
14 to the horizontal transfer register 15. Further, because the
horizontal register 15 employs also the multi-channel
structure, 1f the channel width of the whole horizontal
transter register 15 1s designed to be wide for the purpose of
increasing the charge capacity, the channel width of the
respective transfer channels 20 and 21 1s still narrow and the
transfer electric field in the channel width direction 1is
suflicient. Therefore the signal charge for a full one line can
be transterred completely and speedily from the horizontal
transfer register 15 to the drain section 28.

By driving the sweep-out electrode 27 with the clocks
(PHHG2 and $HOG) having the same phase as the transfer
clectrode 16 between the horizontal transfer registers 14 and
15, the sweep out operation of the signal charge from the
horizontal transfer register 15 to the drain section 28 and the
transfer operation of the signal charge from the horizontal
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transfer register 14 to the horizontal transfer register 15 are
operated simultancously. Therefore, time 1s saved, and the
discharging operation of the signal charge in the unit of a
line 1s possible. Only one driver 1s suflicient because the

transter clock ¢HHG2 and sweep out clock ¢HOG are
driven with the same phase.

The operation 1s described referring to an example in
which the signal charge of each pixel of the 1mage section
13 1s swept out to the drain section 28 in the above-
mentioned operation description, however, it may be pos-
sible that after the signal charge 1s horizontally transferred in
a certain period of time for a horizontal effective period from
the horizontal transfer registers 14 and 15, then the residual
signal charge 1n the horizontal transfer registers 14 and 135 1s
swept out to the drain section 28 through the same operation
as that described above.

Next, an operative example of the CCD area sensor
having the multi-channel structure as described herein above
and provided with two horizontal transfer registers 14 and
15 will be described. This 1s an example where the left lower
half of the image section 13 (¥ of effective pixels) is
sectioned, and one picture 1s obtained within % the usual
time, thereby, driving with four times the picture rate is
possible. FIG. 9 1s an 1image diagram involving this appli-
cation example, (A) shows a normal pick-up and (B) shows
a high speed pick-up in which % of the area (o) is sectioned.

The driving operation in this operative example 1s
described with reference to the operation image shown 1in
FIG. 10 and FIG. 11. In this operative example, the number
of vertical lines 1s 15 1s described. Because the pick-up
image on the 1mage section 13 1s mirror symmetrical with
the actual regenerated image, after the line number R 1is

added for the lines on the left half of the effective pixel area,
L 1s added for the lines on the right half.

Assuming that the left lower half of the effective pixel
area enclosed with a thick line in FIG. 10(A) is the area
where the lines 1R to 7R are used, first, the signal charge 1R,
1L on the first line 1s transferred to the horizontal transfer
register 14 as shown 1in FIG. 10(B). Subsequently, the signal
charge 1R, 1L of the first line on the horizontal transfer
register 14 1s transferred to the horizontal transfer register 15
as shown in FIG. 10(C), and simultaneously the signal
charge 2R, 2L of the second line 1s transferred from the
image section 13 to the horizontal transfer register 14.

From this condition, the horizontal transfer registers 14
and 15 are driven for horizontally transfer during a half of
the normal interval. Thereby, the signal charge 1R, 2R of the
first line and second line of the left half of the effective pixel
area 1s output as CCD outputs OUT1 and OUT2. The signal
charge 1L of the first line and the signal charge 2L of the
second line on the right half of the effective pixel area is

residual on the left half of the horizontal transfer registers 15
and 14 as shown in FIG. 10(D).

Next, the respective signal charges 1L, 2L of the first line
and the second line remaining residually on the left half of
the horizontal transfer registers 14 and 15 are swept out to
the charge discharging section 29. In particular, first the
signal charge 1L of the first line remaining residually on the
horizontal transfer register 15 1s swept out to the charge
discharging section 29. Then, as shown 1n FIG. 11(A), the
signal charge 2L of the second line remaining residually on
the horizontal transfer register 14 1s transferred to the
horizontal transfer register 15, and the signal charge 3R, 3L
of the third line 1s transferred from the 1mage section 13 to
the horizontal transfer register 14 .

Subsequently, the signal charge 2L of the second line
transferred to the horizontal transfer register 15 1s swept out
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to the charge discharging section 29. Then as shown 1 FIG.
11(B), the signal charge 3R, 3L of the third line of the
horizontal transfer register 14 1s transferred to the horizontal
transfer register 15, and simultaneously to the horizontal
transfer register 14, the signal charge 4R, 4L of the fourth
line 1s transterred. Thereafter, the signal charge 3R, 3L of the
third line and the signal charge 4R, 4L of the fourth line are
read and swept out. By repeating the above-operation up to
the seventh line that is the uppermost line 1n the used area,
only the signal charges 1R to 7R in the used area are output
as signals.

After completing respective operations of reading and
sweeping out of the signal charge 1n the used area, reading
from the signal charge 8R, 8L of the eighth line i1s not
performed, all the signal charges from the signal charge of
S8R, 8L to the signal charge of 15R, 15L of the fifteenth line
are swept out to the charge discharging section 29. The
condition in this process 1s shown in FIG. 11(C). This figure
shows the condition where the signal charge 8R, 8L of the
eighth line 1s swept out to the charge discharging section 29,
the signal charge 9R, 9L of the ninth line 1s transferred to the
horizontal transfer register 15, and the signal charge 10R,
10L of the tenth line 1s transferred to the horizontal transfer
register 14.

When the signal charge 15R, 15L of the fifteenth line 1s
swept out to the charge discharging section 29, reading and
sweeping out of the signal charge of all pixels for full one
picture are completed as shown in FIG. 11(D). By perform-
ing the series of operations described above, the transfer
operation of a CCD area sensor can be performed within Y4
of the normal time interval, and the picture rate can be
increased by four times. This 1s the operation that can be
only realized by using the horizontal transfer registers 14
and 15 both having the multi-channel structure as described
hereinbefore 1n order to completely transfer the signal
charge to the charge discharging section 29.

In the above-mentioned embodiment, the application of a
CCD area sensor having two horizontal transfer registers 14
and 15 are described, however, the present invention 1s by no
means limited to this case. The present invention 1s applied
to a CCD area sensor having one horizontal transfer register
and having a charge discharging section adjacent to it. In the
case of this CCD area sensor, by structuring one horizontal
transfer register to 6 multi-channel, 1f the channel width of
the whole horizontal transfer register 1s widened for the
purpose of increasing the charge capacity, the signal charge
in the horizontal transfer register (including the signal
charge just after the transfer from the 1image section to the
horizontal transfer register) still can be swept out completely

and speedily because each channel width of respective
transfer channels 1s still narrow and the transfer electric field

1n the channel width direction 1s suthcient.

The present invention 1s also applied to a CCD area sensor
having three or more of horizontal transfer registers in the
same way. FIG. 12 1s a structural diagram which illustrates
the application of the present invention to a CCD area sensor
having, for example, three horizontal transfer registers, the
same components 1n the FIG. 12 as in FIG. 1 are provided
with the same number as 1n FIG. 1. In this embodiment, the
third horizontal transfer register 31 i1s provided outside the
second horizontal transfer register 15 with interposition of
the transfer electrode 30. The charge discharging section 29
1s provided adjacent to the out side of the horizontal transfer
register 31.

The third horizontal transfer register 31 comprises, for
example, two transfer channels 32 and 33 disposed in
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parallel and a distribution electrode 34 provided between
these two transfer channels 32 and 33 for distributing the
signal charge to each channel like the horizontal transfer
registers 14 and 15. This structure includes the multi-
channel structure having the transfer channels 32 and 33
merged at the output. The horizontal transfer register 31
distributes the signal charge for a full one line transferred
from the horizontal transfer register 15 through the transfer
clectrode 30 to two transfer channels 32 and 33 using the
distribution electrode 34. The charge transfer 1s horizontally
transterred by way of two transfer channels 32 and 33 1n
sharing relationship and charges are mixed at the merged
output.

At the destination end of the horizontal transfer register
31, a charge detector 35 having, for example, a floating
diffusion amplifier structure 1s provided. The charge detector
35 detects the signal charge transterred through the hori-
zontal transfer register 31 and converts it to a signal voltage.
The signal voltage 1s output as a CCD output OUT3I3 with
two other CCD outputs OUT1 and OUT2 through the

amplifier 36.

In the CCD area sensor provided with three horizontal
transfer registers 14, 15, and 31 each of which has the
multi-channel structure, the respective distribution elec-
trodes 19, 22, and 34 of the horizontal transter registers 14,
15 and 31 are electrically connected to each other, and
driven by the same distribution clock HHG1. The transfer
clectrodes 16 and 30 provided between the horizontal trans-

fer registers 14, 15, and 31 are also electrically connected
cach other, and driven by the same transfer clock pHHG2.

As described herein above, 1n the CCD area sensor having
three horizontal transfer registers 14, 15, and 31 provided
with the charge discharging section 29 adjacent to the
outermost horizontal transfer register 31, by employing the
multi-channel structure for all three horizontal transfier reg-
isters 14, 15, and 31, the channel width of each transfer
channel can be still sufficiently narrow and the transfer
electric field 1n the channel width direction can be sufficient.
Therefore the signal charge 1 the horizontal transfer regis-
ters 14, 15, and 31 (including just after the transfer from the
image section 13 to the horizontal transfer register 14,
transfer to the horizontal transfer register 15 through the
horizontal transfer register 14, and transfer to the horizontal
transfer register 31 through the horizontal transfer registers
14 and 15) can be swept out completely and speedily.

The respective distribution electrodes 19, 22, and 34 of
the horizontal transfer registers 14, 15, and 31 are driven
intentionally by the same distribution clock HHGI1, and 1t
1s not necessary to differentiate the distribution clock
¢HHGI1 between the respective registers regardless of the
increase 1n the number of the horizontal transfer registers
having the multi-channel structure or the number of
channels, and the same structure as the driving system 1s
used as it 1s. Similarly, the use of the same transfer clock
¢HHG2 for driving the transfer electrodes 16 and 30
between the horizontal transfer registers 14, 15, and 31
climinates the necessity of the transter clock pHHG2 change
regardless of the number of the horizontal transfer registers,
and the same structure as the driving system 1s used.

In this embodiment, the CCD area sensor having three
horizontal transfer registers 14, 15, and 31 1s described.
However, needless to say, the present invention can be
applied in the same manner to a CCD area sensor having
four or more horizontal transfer registers and provided with
a charge discharging section adjacent to the outermost
horizontal transfer register. As described herein above, by
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employing the structure that uses the same distribution clock
¢HHG1 for driving all the respective distribution electrodes
of the horizontal transfer registers and that uses the same
transfer clock pHHG2 for driving all the respective transfer
clectrodes between the horizontal transfer registers, it 1s
advantageous that there 1s no need to change the structure of
the driving system regardless of the increase in the number
of horizontal transfer registers.

As described herein above, according to the present
invention, a solid-state 1mage sensing device 1s provided
with at least one charge transfer section for transferring
signal charge transferred from the image section and a
charge discharging section disposed adjacent to the side of
the charge transfer section opposite to the 1mage section. The
charge transfer section has a multi-channel structure,
thereby each channel of respective transfer channels can be
narrow regardless of the channel width of the whole charge
transfer section for the purpose of the increasing charge
capacity. Signal charge can be swept out to the charge
discharging section completely and speedily because the
transfer electric field 1s sufficient for sweeping out the signal
charge from the charge transfer section to the charge dis-
charging section.

FIG. 15 1s a block diagram illustration of a camera
embodying the present invention. The camera 1s shown
oenerally at reference 201. An optical unit 203 receives light
and focuses the incident light on an 1maging section 203.
The 1maging section receives the incident light and a plu-
rality of pixels such as those disclosed with reference to FIG.
1 convert the light to charge. The 1imaging section 1s attached
to a processing unit 206 which processes the selected or
desired pixels as described 1n more detail above. An operator
1s able to select high speed processing for a particular
portion of the image by depressing a select switch on the
camera unit.

Rather than sweeping away the charges mto a discharge
unit, 1t has been recognized that the charges can be further
transferred into an additional horizontal transfer unit rather
than being discharged and lost. FIG. 16 illustrates such a
device. In FIG. 16, a secondary horizontal transfer unit 220
1s placed adjacent and a transfer electrode which 1s used to
transfer the electric charges from the primary horizontal
transfer registers 222 and 223. In a high speed 1imaging
mode, rather than simply sweeping out the undesired portion
of signal charges, the signal charges are initially transferred
to the secondary horizontal transier register 220.

It 1s further recognized that the secondary horizontal
transier register could actually be comprised of one or more
secondary horizontal transfer registers depending on the
particular design. The secondary horizontal transfer registers
feed a further processing unit 227.

The further processing unit 227 includes a charge voltage
converter as 1s known 1n the art for converting pixel charges
to voltages. The voltages may then be either stored 1n a
memory assoclated with the further processing unit 227 or
they may be immediately processed into additional video
information.

Advantageously, the further processing unit may operate
at a slower speed 1n order to conserve battery power or to
allow the primary processor to more quickly process a

desired 1image portion. Significantly, the 1mage mnformation
which 1s not processed immediately may be later combined
with the initially desired image information to provide a
composite image. The system 1dentifies which portion of the
image has been selected for initial processing and which has
been transferred to the secondary image processing unit 227.
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Thus, through maintaining this mformation, the 1maging
devices are able to later recombine the 1mage information
into a composite 1mage.

We claim as our invention:

1. A solid-state 1mage sensing device comprising:

an 1mage section having a plurality of light receivers for
photoelectrically converting mcident light to a signal
charge;

a compound-channel charge transfer section for transfer-
ring signal charge of one full line from said i1mage
section 1n sharing relationship with a plurality of par-
allel transfer channels, a distribution electrode for dis-
tributing the signal charge to each of said plurality of
transfer channels; and

a charge discharging section adjacent to a side of said
charge transfer section opposite to said 1mage section
for selectively sweeping out signal charge 1 said
charge transfer section, wherein said charge transfer
section has a plurality of charge transfer portions and a
corresponding plurality of transfer electrodes for trans-
ferring the signal charge 1n units of lines between said
plurality of charge transfer portions.

2. The solid-state 1mage sensing device as claimed 1n
claim 1, wherein each of said transfer electrodes of said
plurality of charge transfer portions is electrically connected
cach other and 1s driven by a same clock.

3. The solid-state 1mage sensing device as claimed 1n
claim 1, wherein three or more said charge transfer portions
are provided, and said transfer electrodes provided between
cach charge transfer portion are electrically connected to
cach other and driven by the same clock.

4. The solid-state 1mage sensing device as claimed in
claim 1, wherein a sweep-out electrode and said transfer
clectrode are driven by the clock with a same phase.

5. Amethod for driving a solid-state 1image sensing device
comprising the steps of:

transferring signal charge from an i1mage section to a
charge transfer section one line by one line;

sweeping out charge from said charge transfer section to
a charge discharging section; further comprising a step
of distributing charge from the 1mage section to a
plurality of charge transfer portions i units of a line
wherein the charge transfer section has a plurality of
charge transfer portions and a corresponding plurality
of transfer electrodes for transferring the signal charge
in units of lines between said plurality of charge
transfer portions.

6. The method for driving a solid-state 1mage sensing
device as claimed in claim §, further comprising a step of
distributing signal charge to said plurality of transfer chan-
nels with a same clock between said plurality of charge
transfer portions.

7. The method for driving a solid-state 1mage sensing
device as claimed 1n claim §, further comprising a step of
transferring signal charge between each three charge transfer
portions with a same clock.

8. The method for driving a solid-state 1mage sensing
device as claimed 1n claim 5, further comprising a step of
sweeping out of signal charge to said charge discharging
section and distributing signal charge to said plurality of
charge transfer portions with a single clock signal with a
same phase.

9. A method of high speed imaging of selected pixels of
a CCD mmaging device comprising the steps of:

a step of transferring signal charges 1n a selected line from
a 1mage section to a charge transfer section one line by
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one line and for distributing the signal charges of said
line to a plurality of transfer channels 1n said charge
transfer section;

a step of sharing the signal charges of said line with said
plurality of transfer channels and transferring only
selected charges of the signal charges of said line 1n
said charge transfer section;

a step of sweeping out non-selected charges from said
charge transfer section to a charge discharging section;

a step of transferring signal charges of a non-selected line
from said 1mage section to said charge transfer section
and sweeping out the signal charges of the non-selected
line to said charge discharging section.

10. A method of high speed imaging of selected pixels as
claimed 1n claim 9, wherein a first step 1s a step of trans-
ferring signal charges of selected line by line to a plurality
of charge transter portions 1n said charge transfer section and
for distributing the signal charges of each line to said a
plurality of transfer channels 1n each of said charge transfer
portions, and last step 1s a step of transferring signal charges
of non-selected lines line by line to each of said a plurality
of charge transfer portions in the charge transfer section and
sweeping out the signal charges of the non-selected lines to
said charge discharging section.

11. The method for driving a solid-state 1mage sensing
device as claimed 1n claim 10, further comprising a step of
distributing signal charge to said plurality of transfer chan-
nels with a same clock between said plurality of charge
transfer portions.

12. The method for driving a solid-state 1mage sensing
device as claimed 1n claim 10, further comprising a step of
transferring signal charge between each three charge transfer
portions with a same clock.

13. The method for driving a solid-state 1image sensing
device as claimed 1n claim 10, further comprising a step of
sweeping out of signal charge to said charge discharging
section and distributing signal charge to said plurality of
charge transfer portions with a single clock signal with a
same phase.

14. A camera comprising;:

a solid state 1mage sensing device having an 1mage
section having a plurality of light receivers for photo
clectrically converting an incident light to a signal
charge;

a compound-channel charge transfer section for transfer-
ring signal charge of one full line from said 1mage
section 1n sharing relationship with a plurality of trans-
fer channels having said plurality of transfer channels
disposed 1n parallel with each other and a distribution
clectrode for distributing the signal charges to each of
said plurality of transfer channels;

a charge discharging section adjacent to a side of said
charge transfer section opposite to said 1mage section
for selectively sweeping out signal charge 1 said
charge transfer section; and

an opfical unit for directing said incident light to said
image section of said solid state image sensing device;
wherein said charge transfer section has a plurality of
charge transfer portions and a corresponding plurality
of transfer electrodes for transferring the signal charge
in units of lines between said plurality of charge
transfer portions.

15. The camera as claimed 1n claim 14, wherein each of
said transier electrodes of said plurality of charge transfer
portions 1s electrically connected each other and 1s driven by
a same clock.
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16. The camera as claimed 1n claim 14, wherein three or
more said charge transfer portions are provided, and said
transfer electrodes provided between each charge transfer
portion are electrically connected to each other and driven
by the same clock.

17. The camera as claimed 1n claim 14, wherein a sweep-
out electrode and said transfer electrode are driven by the
clock with a same phase.

18. A camera as claimed 1n claim 14 having a high-speed
imaging mode for processing a selected pixel area.

5

16

19. A method of processing video mformation comprising
the steps of:

cgenerating a plurality of electric charges with a corre-
sponding plurality of pixel elements;

converting a selected first portion of the plurality of
electric charges 1nto video signals at a first rate; and

processing a second portion of the electric charges at a
second rate.
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